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RAM AIR TURBINE GENERATING
APPARATUS

BACKGROUND OF THE INVENTION

i. Field of the Invention

The present invention relates generally to ram air turbine
generating devices and, more particularly, to an improved
ram air turbine generator, which includes a unique air flow
actuated air bypass valve, which together with the inlet
diffuser, limits variations in the dynamic fluid power of the
air flow passing through the turbine wheel, thereby limiting
variations in fluid power transferred to the turbine blades.
Operational capability for subsonic, transonic and super-
sonic flight 1s a primary feature of the invention.

2. Descrniption of the Prior Art

it has long been a goal of designers of ram air turbine
generating devices to minimize variations in turbine speed
and power output of the generator and prevent generator
overspeed and overheating. Failure to do so would require
substantially greater design margins in the generator capac-
ity to accommodate the complete range of altitude and flight
speed of the flight vehicle in which the ram air turbine
generator is mounted.

Also, in turbine devices, it is necessary to provide speed
regulation to prevent a turbine wheel from attaining a speed
at which the turbine disk or blades will fail. A common
method which has been used 1n gas turbine engines to limit
speed 1s that of absorbing power with a special turbine stage.
This method has the disadvantage that efficiency losses
result at normal operation conditions. Another method of
speed control utilized a mechanical governor to detect
excessive speed and this signal is used to actuate a control
device which regulates the gas supply to the turbine. Even
1n gas turbine engine designs, it is apparent that a control
which 1s more simplified than a governor-regulator system
would be desirable.

One attempt at a simplified improvement is presented in
U.S. Pat. No. 3,075,742 to Aldag which provided a turbine
with a spring-biased shroud at the turbine blade tips so
constructed that, at a predetermined speed, the shroud moves
in response to reaction pressure forces and enables the

gasses to move radially to give less effective gas flow for
speed reduction. |

More recent attempts to provide bypass valve assemblies

for gas turbine engines are disclosed in U.S. Pat. Nos.
5,184,461 and 5,182,905 to Stransky et al., and 5,113,649 to
Seidlecki, Jr.

Flow control devices associated with turbochargers are
disclosed, for example, in U.S. Pat. No. 3,994,620 to

Spraker, Jr., et al. and in UK Patent Application GB 2,059,
315 to Melzer.

Other fluid driven turbine machines with fluid venting
capability are disclosed i U.S. Pat. Nos. 5,083,723 to Grieb
et al. and 3,504,986 to Jackson.

A common example of a fluid control device is disclosed
1in U.S. Pat. No. 3,386,368 to Fielding which is directed to

a ventilator with a damper movable between open and
closed positions.

It was in light of the state of the technology as just
discussed that the present invention was conceived and has
now been reduced to practice.

SUMMARY OF THE INVENTION

According to the invention, a ram air turbine generator
has been devised which includes a unique air flow actuated

10

15

20

25

30

33

40

45

50

55

60

65

2

air bypass valve. Together with the inlet diffuser, this bypass
valve limits variations in the dynamic fluid power of the air
flow passing through the turbine wheel, thereby limiting
variations 1n fuid power transferred to the turbine blades.
The effect 1s to minimize variations in turbine speed and
power output of the generator and prevent generator over-
speed and overheating thereby limiting the required design
margins in generator capacity, throughout the complete
range of altitude and flight speed of the flight vehicle in
which the ram air turbine generator is to be mounted.
Operational capability for all normal flight regimes, that 1s,
for subsonic, transonic and supersonic flight is a feature of
the invention.

The ram air turbine described herein was conceived to
provide onboard power to towed flight vehicles with sub-
sonic through supersonic mission requirements in mind,
including towed decoys where onboard power is required or
desirable. The present invention accomplishes this function
without use of externally powered actuators, sensors and
associated controls, and offers significant advantages in
terms of size, weight, and cost, in comparison to other
systems which require their use. Additionaily, present ram
air turbine technology which utilizes variable pitch turbine
blades with their attendant mechanisms for speed control
would be complex and expensive to reduce to small diam-
eter applications. In addition to the towed air vehicle appli-
cations, the invention may prove useful in larger applica-
tions 1n any powered flight vehicle including missiles, either
internally or externally mounted.

A primary object of the present invention is to provide a
ram air turbine generator comprising an external aerody-
namic fairing which will withstand internal ram air pressures
that are developed under flight conditions, a ram air inlet
diffuser, a fixed center flow deflector, a turbine generator,
means defining a variable area annular converging nozzle
passage which communicates between the diffuser and tur-
bine for controlling the air flow from the diffuser to the
turbine etficiently with small flow losses, means for varying
the quantity of the inlet air flow which bypasses the turbine
and which exhausts from the diffuser directly into the
external air stream, means for minimizing the variations of
the momentum in the air flow supplied through the said
annular nozzle to the turbine from the diffuser, with changes
in the air inlet conditions, means for minimizing velocity
variation in the air flow supplied through the said annular
nozzle to the turbine from the diffuser with changes in the air
inlet conditions, and means for minimizing variations in the
fluid dynamic power of the air flow transferred to the turbine
generator for changes in air inlet conditions.

Another object 1s to provide such a ram air turbine in
which the variable area annular converging nozzle commu-
nicates between the inlet diffuser and turbine and is com-
prised of: an axially movable assembly positioned inside of
sald aerodynamic fairing, and wherein the axially movable
assembly forms the outer wall of the annular nozzle which
connects the diffuser to the turbine, and the forward part of
the annular nozzle 1s formed in the passage between a fixed
center flow guide and the aft surface of the forward part of
the axially movable assembly, and whereby the annular
passage 1s reduced when the axially variable assembly
moves aft and toward the fixed center flow guide, and
increased when the axially movable assembly moves for-
ward and away from the fixed center flow guide; wherein the
inner surface of the aft portion of the said annular nozzle is
comprised of the outer surface of a plurality of annular
doors, wherein the forward end of each door is attached to
hinges mounted to the center flow guide and a linkage is
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mounted to the aft end of each door and the other end of the
linkage i1s mounted to the inner surface of the axially
movable assembly, whereby axial motion of the axially
movable assembly acts on the linkages which in turn close
the doors when the axially movable assembly moves ait-
ward, and which open the doors when this assembly moves
forward. In attaining this objective, the geometry of the
center flow guide, the inner surface of the axially movable
assembly, the positioning of the door hinge and linkage
attachment from the door to the axially movable assembly
are such that a minimum flow area is presented in the nozzle
exhaust, for fully open to the maximum closed position of
the annular doors, thereby forming a converging nozzle for

all positions of the axiailly movable assembly and corre-
sponding position of the annular doors, and wherein the
nozzle flow exhaust area 1s increased or decreased in pro-
portion to the axial motion of the movable assembly and
wherein the fully open position of the doors presents a total
flow area equal to the inlet area of the inlet diffuser.

A further object of the invention is to provide such a ram
air turbine in which the means for varying the portion of the
inlet air flow which bypasses the turbine comprises an
axially movable assembly wherein the outer circumference
of the axially movable assembly COVers Or Uncovers bypass
orifices in the aerodynamic fairing in front of the axially
ovable assembly, thereby controlling that part of the inlet
air flow which bypasses the variable area annular nozzle,
thereby bypassing flow through the turbine.

Still a further object of the invention is to provide such a
ram air turbine in which the means for minimizing variations
of momentum in the air flow supplied to the turbine com-
prises the axially movable assembly, wherein the axially
movable assembly is spring loaded in compression to the
rear structure of the ram air turbine and wherein the axially
movable assembly includes an aft flow deflector which
deflects air flow exhaust from the turbine outward with a
radial velocity component, thereby creating a reaction force
in the aft direction which is proportional to the momentum
of the air fiow through the variable area nozzle, and whereby
the difference between the aft acting force on the front
surface of the axially movable assembly, which 1s exposed
to the full recovery pressure in the diffuser, and the forward
acting force of the annular variable nozzle which is exposed
to the static pressure close to free stream pressure, the
difference in this net aft force being in proportion to the total
momentum of the air flow entering the inlet diffuser minus
the momentum of the air flow passing through the annular
nozzle, whereby the total force acting on the front of the
axially movable assembly when added to the force acting on
the rear of the assembly is proportional to the total momen-
tum of the air flow entering the inlet diffuser, whereby the aft
deflection of the movable assembly 1s thereby proportional
to the total momentum of the air flow entering the inlet
diffuser and wherein the total flow area of the annular nozzle
is inversely proportional to the position of the movable
assembly, whereby the total momentum of the air flow
through the variable area annular nozzle is maintained, with
small variation, with changes in the air inlet conditions.

Yet a further object of the invention is to provide such a
ram air turbine in which the mechanism for minimizing
velocity variations in the air flow supplied through the said
variable area annular nozzle comprises the variable area
annular nozzle wherein the axial motion of the axially
movable assembly varies the nozzle exhaust flow area from
a maximum equal to that of the ram air inlet, down to the
minimum as determined by the desired design bypass ratio;
and wherein the total uncovered area of the said bypass
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orifices, when added to the total exhaust area of the variable
area annular nozzle, will for all axial positions of the axially
movable assembly, be equal to that of the ram air inlet,
whereby the velocity of the air flow through the orifices and
annular nozzle exhaust will thereby be established at the
same velocity as the air flow through the ram air inlet for up
to Mach 1.0 flight and whereby the inherent character of the
annular converging subsonic nozzle provides flow choking
for inlet diffuser pressures resulting from flight above Mach
1.0, thereby limiting the maximum exhaust velocity of the
annular nozzle to Mach 1.0, whereby flight conditions from
a prescribed high subsonic flight condition through super-
sonic flight conditions results in changes in annular nozzle
exhaust velocity from the high prescribed subsonic velocity
to a maximum of Mach 1.0, thereby minimizing annular
nozzle velocity variations within the range for flight condi-
tions varying from high subsonic through supersonic flight
conditions.

Still another object of the invention is to provide such a
ram air turbine in which the mechanism for mimmizing the
variations in fluid dynamic power of the air flow through the
turbine comprises the means to minimize the variation in
momentum of the air flow through the turbine and the means
to minimize variation of velocity of the air flow through the
turbine, and whereby the fluid dynamic power of the air flow
passing through the variable area annular nozzle and through
the turbine is proportional to the product of the momentum
and velocity of the air flow, and whereby the turbine of the
preferred embodiment of this invention is of the reaction
type whereby small variations in turbine efiiciencies occur
within the limits of the range of velocity, such that vanations
of the fluid power in the air flow through the turbine, and the
power transferred to the turbine will be minimized, with
variations being less than a small fraction of the total
variation in fluid dynamic power of the air flow entering the
inlet diffuser, corresponding to the range of air inlet condi-
tions produced during subsonic through supersonic flight
speeds and sea level to high altitude operation.

Other and further features, advantages, and benefits of the
invention will become apparent in the following description
taken in conjunction with the following drawings. It 1s to be
understood that the foregoing general description and the
following detailed description are exemplary and explana-
tory but are not to be restrictive of the invention. The
accompanying drawings which are incorporated in and
constitute a part of this invention, illustrate one of the
embodiments of the invention and, together with the
description, serve to explain the principles of the invention
in general terms. Like numbers refer to like parts throughout
the disclosure. |

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a ram air turbine gener-
ating device embodying the invention, certain parts being
cut away and shown 1n sectiomn;

FIG. 2 1s a side elevation view of the device illustrated in
FIG. 1;

FIG. 3 i1s a cross section view taken generally along line
3—3 in FIG. 2;

FIG. 4 is a cross section view taken generally along line
4—4 in FIG. 3;

FIGS. 5A and 5B are longitudinal half cross section
views, generally similar to FIG. 3, illustrating, respectively,
different relative positions of components within the device
of the invention;
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FIG. 6 is a detail perspective view of a component of the
invention; and

FI1G. 7 1s a longitudinal half cross section view, similar to

FIGS. 5A and 3B illustrating another embodiment of the
1nvention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Turn now to the drawings and, initially, to FIGS. 1-4
which i1llustrate most clearly the overall construction of the
ram air turbine generating device 28 embodying the present
invention. The device 28 comprises a generally cylindrical
external fairing 30 extending between an inlet passage or
diffuser 32 at a leading end 34 and an aft end 36 and having
a plurality of bypass exhaust orifices 38 adjacent the leading
end and a plurality of external exhaust ports 40 adjacent the
aft end. A central flow guide member 42 is mounted on the
external fairing 30 and 1is coaxial with the fairing and has a
contoured outer surface 44 spaced from the external fairing.
A valve tube 46 is positioned intermediate, and coaxial with,
the external fairing 30 and the central flow guide member
42. The valve tube extends between a nose end 48 having a
plurality of openings 50 therein nearest the leading end 34
of the external fairing 30 and an aft plate 52 spaced from the
aft end 36 of the external fairing. The valve tube has a
plurality of aft internal exhaust ports 54 generally coexten-
sive with the aft external exhaust ports 40 in the external
fairing 30. A turbine wheel 56 is drivingly coupled to a
generator 58, both being mounted on a generator shaft 60.
The generator shaft is rotatably mounted at one end in a
torward bearing 62 on the central flow guide member 42 and
at the other end in an aft bearing 64 on the aft plate 52 of the
valve tube 46.

The generator shaft 60 and the aft bearing 64 are slidable
relative to each other to accommodate movement of the
valve tube 46 between a first position (FIG. 5A) at which the
nose end 48 of the valve tube 46 is proximate the leading end
34 of the external fairing 30 and a second position (FIG. SB)
at which the nose end 1s distant from the leading end. One
or more compression springs 66 or other suitable resilient
devices are interposed between the aft plate 52 and the aft
end 36 to bias the valve tube to the first position. In the first
position with the nose end 48 of the valve tube 46 proximate
the leading end 34 of the fairing 30, the valve tube blocks the
bypass exhaust orifices 38 such that air is caused to flow
through the inlet passage or diffuser 32, through an annular
nozzle 68 defined between the valve tube and the central
flow guide member, through blades of the turbine wheel 56,
then out to the surrounding region through the aft internal
exhaust ports 34 and the aft external exhaust ports 40. The
valve tube 1s movable to the second position by the force of
air acting on the nose end 48 thereby exposing the bypass
exhaust orifices such that substantial flow of air occurs
therethrough with a lesser flow through the annular nozzle,
through the turbine wheel, then out to the surrounding region

through the ait intermal exhaust ports and the aft external
exhaust ports.

A plurality of nozzle control members are positioned
intermediate the valve tube and the central flow guide
member and are operable to control flow of air through the
nozzle 68 in response to movement of the valve tube
between the first and second positions. More specifically, the
nozzle control members include circumferentially spaced
control doors 70 pivotally mounted to the contoured outer
surface 44 of the central flow guide member 42 for move-
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ment between retracted positions substantially contiguous

with the outer surface 44 and extended positions projecting
into the annular nozzle.

The control doors 70 are moved between the retracted and
extended positions by a plurality of links 72, pairs of the
links being pivotally mounted at one end to the valve tube
and at an opposite end to one of the control doors. By reason
of the links 72, each of the control doors 70 is held in the
retracted position when the valve tube is in the first position
and 1n the extended position when the valve tube is in the
second position.

As seen particularly well 1n FIGS. 1 and 4, the ram air
turbine generating device 28 of the invention includes a key
arrangement for preventing relative circumferential move-
ent between the external fairing 30 and the valve tube 46
as the valve tube moves between the first and second
positions. This result 1s achieved by means of support vanes
82 which extend through axial slots 84 in a manner which
will be more fully described below.

Additionally, the centrai flow guide member 42 has an
axial bore 76 therein and the valve tube has an integral
centering shait 78 slidably received in the axial bore. This
construction assures that the relative relationship between
the valve tube 46 and the external fairing 30 and the central
flow guide member 42 1s maintained throughout movement
between of the valve tube between its first and second
positions.

A plurality of guide vanes 80 are mounted circumferen-
tially on the outer surface 44 of the central flow guide

member 42 upstream of the turbine wheel 56 for efficiently
guiding flow of the air through the turbine wheel.

As noted above, an axial side elevation view in section of
the present invention 18 shown in FIG. 5A. At the maximum
design altitude and at the minimum design speed at that
altitude, the combination of conditions which will be
referred to as the design condition, the ram air turbine
internal components are positioned relative to the external
fairing 30 as shown in FIG. SA. After entering the inlet
diffuser 32, the air passes through the openings 50 of the
variable area annular nozzle 68, the front portion of which
1s formed 1n the passage between the aft surface of the valve
nose end 48 and the front of the central flow guide member
42. The aft portion of the variable area annular nozzle 68 is
formed in the passage between the inner surface of the valve
tube 46 and the plurality of annular control doors 70, which
are fully open under the design condition and which partially
close, under the action of the links 72 which attach the
annular control doors 70 to the valve tube 46 as the valve
tube 46 translates in the aft direction. The nozzle converges
with the annular control doors 70 providing the final reduc-
tion in area at the nozzle exhaust. The central flow guide
member 42 1s supported by a plurality of support vanes 82
which pass through axial slots 84 in the valve tube 46 shown
n cross section in FIG. 4 which is a view looking aft from
a section taken through FIG. 3. The support vanes 82 are
attached to the inner wall of the external fairing 30. The
annular control doors 70 are spaced between the support
vanes 82, and seals (not shown) on the edge of the control
doors mate with the vanes’ surfaces, preventing air leakage.

Referring again to FIG. 5A, the air exits the variable area
annular nozzle 68 and passes through a plurality of fixed,
partitioned, guide vanes 80 which turn the flow in the
direction of rotation of the turbine wheel 56 at an optimum
angle from the turbine axis for the particular turbine design
and turbine/generator design speed. Each of the guide vanes
1 partitioned into a plurality of radial sections by thin curved
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plates 86 as shown in FIG. 6. Air flow from the variable area
annular nozzle 68 is shown entering one of the partitioned
guide vanes in this figure. The air exits the vanes and then
passes through the turbine 56 where a portion of the dynamic
energy 1s extracted and transferred to the generator 38
through the turbine/generator shaft 60. The air exits the
turbine wheel and 1s turned outward with low turbulence by
a favorably shaped aft flow deflector 90, flows through the
aft internal exhaust port 54 and aft external exhaust port 40,

1nto the external airstream.

The valve tube nose end 48, the valve tube 46, the aft flow
deflector 90 and the valve tube aft plate 32 together form one
integral assembly. This assembly, which in its entirety is
denoted the valve tube assembly, slides axially in the exter-
nal fairing 30. The generator 38 is positioned as shown in a
generator enclosure 88 with the aft shaft 60 extending
through a bearing 64 which is mounted in the valve tube
plate 52. An annular seal (not shown) located on the inner
surface and front edge of the aft flow deflector 90 mates with
the outer surface of the generator enclosure 88. The forward
generator shaft 60 extends through a bushing or bearing (not
shown) in the front of the generator enclosure 88, then
passes through the turbine wheel hub where attachment is
~made to the turbine wheel and the end of the shaft 60 passes
through the forward bearing 62 which is located in the axial
center hole of the central flow guide member 42. Compres-
sion springs 66 located in an aft chamber 91 intermediate the
aft plate 52 and the aft end 36, react the axial forces
transmitted by the air flow to the valve tube assembly as the
valve tube assembly is pushed backwards. The aft chamber
vent 94, shown in FIG. 3 communicates between the aft
chamber 91 and the external airstream, whereby the external
airstream static pressure is impressed in the aft chamber 91
and whereby this pressure exerts a forward acting force on
the aft surface of the aft surface of the aft plate 52.
Accordingly, the net aft acting forces on the valve tube 46
are the dynamic forces induced by the internal airfilow. As
previously noted, the support vanes 82 and axial slots 84
cooperate to prevent relative rotation of the valve tube
assembly and the external fairing 30. Alternatively, a plu-
rality of keys (not shown) may extend axially along the outer
surface of the valve tube 46 and fit into matching grooves
(not shown) in the inner surface of the external fairing 30 so
as to prevent rotation of the valve tube assembly relative to
the external fairing 3().

For the design condition, the flow induced forces in the
assembly are produced on the turbine blades by drag, and on
the aft flow deflector 90 by reaction forces as the axial
momentum of the air is reduced as the flow is turned
outward by the flow deflector 90 prior to being exhausted. A
significantly smaller portion of the total air flow induced
force 1s transmitted to the valve tube by drag of the valve
tube nose end 48 due to the favorable acrodynamic shape of
the valve tube nose end 48. These forces compress the
springs 66, resulting in the relative positions of the valve
tube assembly relative to the other components in the ram air
turbine as shown in FIG. SA. As the flight speed of the ram
air turbine generating device 28 increases above that of the
design flight condition, or the fiight altitude is decreased to
below that of the design flight condition, or any combination
of speed and altitude is attained so that the dynamic pressure
siven by one-half the product of the density and velocity
squared 1s greater than the dynamic pressure developed
under design condition, the flow induced forces on the valve
tube assembly will cause additional axial translation of the
valve tube assembly which will be reacted by additional
compression of the springs 66.
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As the valve tube 46 translates axially in the aft direction,
the cross sectional exit flow area of the variable area annular
nozzle 68 is reduced as the links 72, partially close the
annular control doors 70. Simultaneously, the front outer
circumference of the valve tube nose end 48 opens passage-
ways {rom the diffuser 32 through the plurality of forward
external bypass exhaust orifices 38, allowing a portion of the
air to bypass the flow path through the turbine wheel and to
exhaust directly through the orifices to the outside. At
maximum dynamic pressure, which will be denoted the
maximum bypass operating condition, the valve tube will be
positioned as shown in the half axial sectional view of FI1G.
5B with the resulting air flow paths as indicated. The central
flow guide member 42 and the aft surface and inner wall of
the valve tube 46 and the outer surface of the annular control
doors 70 are arranged and contoured together to prevent
flow separation and turbulence in the variable area annular
nozzle 68 for the range of valve tube assembly positions
corresponding to design condition operation through to
maximum bypass operation. The nozzle converges, resulting
in maximum velocities at the nozzle exit. These features
allow high flow efficiencies in the variable area annular
nozzle 68 at the design condition while also preventing fluid
mechanic instabilities which could induce oscillations in the
turbine blades during bypass operation. As the annular
nozzle area 1s reduced, the exit air flow 1s admitted to a
decreasing number of radial sections of the partitioned
turning vane 8(0) which prevents the air flow from expanding
radially inward, maintaining constant flow velocity from the

turning vane inlet to exhaust.

The axial momentum of the air flow entering the inlet/
diffuser 32 is proportional to product of the mass flow rate
and the velocity of the air. In turn, the mass flow rate is
proporiional to the product of the inlet cross sectional fiow
area, the density and the velocity, Therefore, the momentur
of the airstream flowing in the inlet is proportional to the
product of the density, flow area, and the velocity squared.
Under the zero bypass design condition, the majority of the
air’s momentum will be transferred to the turbine blades and
aft flow deflector 90, producing the majority of the axial
force. As the flight dynamic pressure increases and the
momentum of the inlet airstream increases, pushing back the
valve tube assembly and decreasing the flow area of the
variable annular flow nozzle 68, while opening forward
external bypass exhaust orifices 38 adjacent to the valve tube
nose end 48 an increasingly larger portion of the total
momentum in the internal airflow is transmitted to the front
surface of the valve tube nose end 48.

The total force acting on the valve tube assembly 1s equal
to the sum of these forward induced forces acting on the
valve tube nose end 48 and the aft acting force on the turbine
blades and the aft flow deflector 90. Each of these forces,
and therefore the total sum of the forces, 1s proportional to
the total momentum of the entering internal air flow. The
resulting force on the valve tube assembly, detlection of the
aft linear compression springs 66, and the resulting axial
translation of the valve tube assembly, will therefore be
proportional to the momentum of the entering air flow. The
contours of the central flow guide member 42 and the aft
surface of the valve tube nose and the relative lengths and
positioning of the links 72 and hinges attaching the annular
control doors 70 to the member 42 results in the cross
sectional flow area of the variable area annular nozzle being
decreased closely in proportion to the axial translation of the
valve tube assembly and therefore decreased in proportion to
the total momentum of internal airflow, as the total momen-
tum of the internal airflow increases above that for the
design condition.
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Therefore, the total momentum of the airflow passing
through the variable area annular nozzle 68, and through the
blades of the turbine wheel 56 which is given by the product
of the density, cross sectional flow area, and velocity

squared, will remain approximately constant throughout the
range of fight operational conditions as a result of these
combined features.

For the specific drawings shown, the variable area annular
‘passage 68 cross sectional flow area under the design
condition, FIG. 8A, is three times greater than the area under
maximum bypass conditions, as shown in FIG. 5B, and the
design will be denoted a 3 to 1 area ratio. An increase in the
radial dimension of the external surface of the central flow
guide member 42 by one-half of the width of the variable
area annular flow nozzle under full bypass operation as
shown in FIG. 3B, will increase the area ratio to approxi-
mately 6 to 1. For the design with a 3 to 1 area ratio, an air
density ratio of 3 to 1 is allowable at constant flight speed
throughout a range of altitudes to maintain constant momen-
tum 1n the air flow through the turbine wheel. Under
standard atmospheric conditions, this corresponds to an
allowable maximum design altitude of 33,000 feet, if sea
level operation is desired at maximum bypass. For the
design with an area ratio of 6 to 1, 48,000 feet is the
maximum corresponding allowable design altitude if sea
level operation 1s desired at maximum bypass. Additionally,
if the sea level speed requirements are greater than for the
design altitude, higher bypass ratios than 6 would be incoz-
porated to accommodate the increased ratios of dynamic
pressure from 48,000 feet down to sea level operation. The
means 10 maintain constant momentum in the airflow
through the variable area annular nozzle 68, and to the
turbine wheel, under a desired range of altitude and speed
considerations, 1s thereby claimed.

The flmid dynamic power of the air flow through the
variable area annular passage 68 is equal to the product of
the flow momentum and velocity divided by two, which is
identical to the product of the air mass flow rate and the
kinetic energy of the air flow, the later quantity given by
one-half of the velocity squared. The efficiency in convert-
ing the fluid dynamic power to mechanical power is related
to the nozzle shape, angle of the nozzle axis to the turbine
blade, turbine blade size and shape, and the ratio of the
rotational velocity of the turbine blades to the air flow from
the nozzle, which 1s denoted the velocity ratio. Utilization of
reaction type turbine blading will provide the flattest effi-
ciency versus velocity ratio performance curves. For
example, drops in ethiciency of 10 percent or less, for
increases 1n velocity ratio above the optimum by as much as
30 percent, have been obtained with reaction turbine design.
In the preferred embodiment of the present invention, such
a reaction turbine will be incorporated and the nozzle and
turbine design matched so that the maximum efficiency is

obtained under the design conditions.

Features of the invention to significantly limit changes in
the nozzle exhaust air flow velocity throughout the range of
subsonic through supersonic flight conditions is also
clamed and an example is provided for illustration. A
typical design condition is a Mach=0.80 flight speed at an
altitude of 48,000 feet. For this design condition and a
inlet/diffuser area selected, the variable area annular nozzle
68 exit area will be appropriately selected to reaccelerate the
flow to Mach=0.8 at the nozzle exit. For a typical range of
corresponding required flight conditions for the ram air
turbine, flight Mach No. can vary from subsonic flights
Mach=0.8, up to supersonic flight at Mach=1.5 at the design
altitude of 48,000 feet.
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At supersonic flight speeds, a normal shock will be
formed 1in front of the inlet/diffuser 32 reducing the flow to
subsonic velocities as the flow enters the inlet diffuser. For
the example cited, as the flight Mach No. increases above the

design speed of Mach=0.8, the increased momentum of the
flow will force the valve tube assembly farther back, open-
ing the bypass air flow path through the forward external
bypass exhaust orifices 38, as previously described. The area
of the uncovered orifices versus valve tube assembly posi-
tion will be selected so that the sum of the uncovered orifice
area and nozzle exhaust area 1s equal to the inlet area of the
inlet/diffuser 32. Under these conditions, as the flight speed
increases from Mach=0.8 to 1.0, the air velocity at nozzle
exit and the bypass orifices will also increase from Mach=
0.8 to 1.0. As Mach= 1.0 flight speed is exceeded, flow in the
orifices and the nozzle will remain choked and the nozzle

exhaust velocity will therefore be limited to Mach=1.0 for
all flight speeds above Mach=1.0.

The partitioned guide vanes 80 will have thinner profiles
than the support vanes 82 allowing a corresponding propor-
tional step reduction in the flow Mach No. in the guide vanes
to acceptable subsonic levels before entering the reaction
furbine blades. The maximum increase of 25 percent in the
annular nozzle velocity for Mach=1.5 flight, compared with
the design condition of Mach=0.8 resulting from a ratio of
1.0 to 0.8 nozzle exit Mach No. will therefore be maintained
at the partitioned turning vane 80 exit and turbine blade
inlets. Therefore, since constant momentum is maintained
due to the reduction in annular nozzle area, the maximum

1increase In power input to the turbine/generator will be

himited to 25 percent for this design example at 48,000 feet

flight altitude. This is to be compared to about 660 percent
increase in fluid dynamic power in the inlet air flow strea
if the flight Mach Number is increased from Mach=0.8 to
Mach=1.5 at a constant altitude.

For this design example and operation at lower altitudes
down to sea level, the increase in ambient temperature
results in greater acoustic speed and greater flow velocity in
the nozzle at a given flow Mach Number. Under Standard
Day conditions the acoustic speed at sea level is 19 percent
greater than at 48,000 feet due to the greater ambient
temperature. If flight speeds of a maximum of Mach=1.1 are
required at sea level, Mach=1.0 flow would be present in the
choked nozzle, which when combined with the higher
acoustic velocity at sea level represents 48 percent greater
nozzle flow velocities and corresponding greater fluid
dynamic power into the turbine wheel than under design
conditions of Mach=0.8 and 48,000 feet altitude. This
increase 1S to be compared with the approximate 1500
percent increase in fluid dynamic power in the inlet air flow
stream for a chance from the design condition of Mach= 0.8
at 48,000 feet to sea level at Mach=1.1. Therefore, for the
specific geometry considered and the design condition con-
sidered of Mach=0.8, 48,000 feet and the flight conditions
considered of Mach=1.5 maximum at 48,000 feet and
Mach= 1.1 maximum at sea level, an additional generator
capacity of 48 percent will be sufficient to accommodate
changes 1n available fluid dynamic power of the inlet air
stream as great as 1500 percent.

Other possible installations of the invention can be envi-
stoned in addition to the forward nose installation illustrated
in FIGS. 1, 2, 5A and 5SB. In some applications it may be
advantageous to install the invention somewhat aft of the
nose, the example in cases where it 1s necessary or desirable
to place other equipment in the nose region. In this event
other installations are possible, for example as illustrated in
FIG. 7. Here, the invention is positioned somewhat aft of the




5,505,587

11

nose region and the annular inlet passage diffuser 32A serves
the same function as the inlet diffuser 32 in the nose
installation of the invention.

While a preferred embodiment of the invention has been
disclosed in detail, it should be understood by those skilled
in the art that various other modifications may be made to
the illustrated embodiments without departing from the
scope of the invention as described 1n the specification and
defined in the appended claims.

What 1s claimed 1is:

1. Ram air turbine generating apparatus comprising:

a generally cylindrical external fairing extending between
an inlet passage at a leading end and an aft end and
having a plurality of bypass exhaust orifices adjacent
said leading end and a plurality of external exhaust
ports adjacent said aft end;

central flow guide means mounted on said external fairing
and coaxial therewith, said guide means having a
contoured outer surface spaced from said external
fairing;

valve tube means intermediate said external fairing and
said central flow guide means and coaxial therewith,
said valve tube means extending between a nose end
having a plurality of openings therein nearest said
leading end of said external fairing and an aft plate
spaced from said aft end of said external fairing, said
valve tube means having a plurality of aft internal
exhaust poris generally coextensive with the aft exter-
nal exhaust ports in said external fairing;

a turbine wheel dnivingly coupled to a generator;

means biasing said valve tube means to a first position
whereat said nose end of said valve tube means 18
proximate said leading end of said fairing and blocks
the bypass exhaust orifices therein such that air is
caused to flow through the inlet passage, through an
annular nozzle defined between said valve tube means
and said central flow guide means, through said turbine
wheel, then out to the surrounding region through the
aft internal exhaust ports and the aft external exhaust
ports;

said valve tube means being movable to a second position
by the force of air acting on said valve tube means
exposing the bypass exhaust orifices such that substan-
tial flow of air occurs therethrough with a lesser fiow
through the annular nozzle, through said turbine wheel,
then out to the surrounding region through the aft
internal exhaust ports and the aft external exhaust ports.

2. Ram air turbine generating apparatus as set forth in

claim 1 including:

nozzle control means intermediate said valve tube means
and said central flow guide means operable to control
flow of air through the nozzle in response to movement
of said valve tube means between said first and second
positions.
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3. Ram air turbine generating apparatus as set forth in
claim 2 wherein said nozzle control means includes:

a plurality of circumferentially spaced control doors piv-
otally mounted to said contoured outer surface of said
central flow guide means for movement between

retracted positions substantially contiguous with said
central flow guide means and extended positions pro-
jecting into the annular nozzle; and

a plurality of links, each of said links being pivotally
mounted at one end to said valve tube means and at an
opposite end to one of said control doors;

whereby each of said control doors 1s held 1n the retracted
position when said valve tube means is in the first
position; and

whereby each of said control doors is held in the extended

position when said valve tube means 1s in the second
position,

4. Ram air turbine generating apparatus as set forth in
claim 2 including key means for preventing relative circum-
ferential movement between said fairing and said valve tube
means as said valve tube means moves between the first and
second positions.

5. Ram air turbine generating apparatus as set forth in
claim 2

wherein said central flow guide means has an axial bore

therein; and

wherein said valve tube means has an integral centering
shaft slidably received in the axial bore.
6. Ram air turbine generating apparatus as set forth in
claam 1 including:

a generator shaft rotatably mounted at one end on said
central flow guide means and at the other end on said
aft plate of said valve tube means.
7. Ram air turbine generating apparatus as set forth in
claim 6 including: |
a forward bearing on said central flow guide means for
rotatably mounting said one end of said generator shaft;
and

an aft bearing on said aft plate of said valve tube means
for rotatably mounting said other end of said generator
shaft, said generator shaft and said aft bearing being
slidable relative to each other to accommodate move-
ment of said valve tube means between said first and
second positions.

8. Ram air turbine generating apparatus as set forth in
claim 1 wherein said biasing means includes at least one
compression spring interposed between said aft end of said
external fairing and said aft plate of said valve tube means.

9. Ram air turbine generating apparatus as set forth in
claim 1 including guide vanes upstream of said turbine
wheel for efficiently guiding flow of the air through said
turbine wheel.
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